Striae distensae (SD) are common dermal lesions, with significant physical and psychological impact. Many therapeutic modalities are available but none can completely eradicate SD. The most common therapy is the application of topicals used both therapeutically and prophylactically. Even though there are many commercially available topical products, not all have sufficient level of evidence to support their continued use in SD. The aim here was to assess the evidence for the use of topicals in SD and to propose a structured approach in managing SD. A systematic search of published literature and manufacturer website information for topicals in SD was carried out. The results showed that there are few studies (n = 11) which investigate the efficacy of topicals in management of SD. Trofolastin and Alphastria creams demonstrated level-2 evidence of positive results for their prophylactic use in SD. Additionally, tretinoin used therapeutically showed varying results whilst cocoa butter and olive oil did not demonstrate any effect. Overall, there is a distinct lack of evidence for each topical formulation. The majority of topicals failed to mention their effect on early vs. later stages of SD (striae rubrae compared to striae albae) and their role in both prevention and treatment. In conclusion, there is no topical formulation, which is shown to be most effective in eradicating or improving SD. A structured approach in identification and targeted management of symptoms and signs with the appropriate topical is required. Randomized controlled trials are necessary to assess the efficacy of topical products for treatment and prevention of different stages of SD.
Introduction
Striae distensae (SD) or stretch marks are common dermal lesions which arise due to the stretching of the dermis. 1 There are two forms of SD; striae rubrae and striae albae. 2 The acute stage (striae rubrae) is characterized by the initial erythematous, red and stretched flat (in some cases appear slightly raised) lesions which are aligned perpendicular to the direction of skin tension and can be symptomatic, whilst the chronic stage (striae albae) is classified when SD have faded and appear atrophic, wrinkled, and hypopigmented ( Fig. 1 ). [2] [3] [4] There are a number of pathological and histological changes which occur when SD are formed (Fig. 2) . Elastolysis of the middermis is evident due to mast cell degranulation and stimulation of macrophages. 5 Other observations include perivascular lymphocytic cuffing, increased glycosaminoglycan, sporadic presence of lymphocytes and oedema in the dermis. [6] [7] [8] Gradual atrophy of the epidermis has been noted including loss of rete ridges. 7 Vascular changes occur which contribute to the red and erythematous appearance of striae rubrae. 9 Additionally, in striae rubrae, collagen fibres become thicker, more densely packed, are arranged in a parallel pattern and show a reduction in elastic fibres.
They are associated with Cushings syndrome and chronic steroid use (Fig. 3) . 17 The causes of SD are proposed to be due to the mechanical effect of tissue stretching; 19 from growth in adolescence and rapid increase in the size of certain locations of the body. 20, 21 The most common anatomical locations which are affected by SD are the abdomen, breasts, buttocks and thighs (Fig. 4) . 22 A study by Yamaguchi et al. 23 utilized a quality of life questionnaire for female patients with and without SD and demonstrated that those with significant SD had higher scores. 23 Striae distensae have presented a considerable challenge in terms of both their evaluation and treatment. There are variable responses to therapies, with the main aims being reduction in symptoms and improvement in appearance. Various treatment modalities exist which aim to treat or prevent SD such as laser therapy, [24] [25] [26] light therapy, 27 acid peel treatments, 28 Figure 2 Histological comparison between normal skin and striae distensae (SD) skin H+E stains (magnification 98.0). The normal epidermis has basket weave appearance and well formed rete ridges. In contrast, SD shows loss of the rete ridge pattern. Additionally, normal dermis demonstrates parallel collagen bundles to the surface, which are evenly spaced, which is in contrast to SD dermis. ED, epidermis; PD, papillary dermis; RD, reticular dermis. Figure 3 Factors associated with striae distensae. Risk factors and associations with acquiring striae distensae including ethnicity, 18 chronic steroid use, 17 pregnancy, 59 Cushings syndrome, 60 weight gain (BMI), 61 obesity, 17 adolescence, 17 family history.
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(a) (b) (C) Figure 1 Comparisons between striae albae and striae rubrae. (a) An illustration of striae rubrae on the abdomen. (b) A diagram to demonstrate the difference in characteristics between striae rubrae and striae albae. Striae rubrae are considered as an early form of SD, which are erythematous, red and sometimes slightly raised linear lesions. They do not recur and are classified as temporary striae. Striae albae are atrophic, wrinkled and pale. They also do not recur but are permanent striae. (c) An illustration of striae albae on the abdomen.
injection, 29 laser lipolysis, 30 radiofrequency techniques 31 and microdermabrasion. 32 No single therapy has been advocated to completely eradicate these lesions. The most common method for treating SD is the use of topicals. 33 Only a limited number of topical agents have been evaluated in formal studies for the treatment of SD (such as tretinoin, 34 Trofolastin, 35 Alphastria, 36 cocoa butter, 37 olive oil 38 and silicone gel 39 ), although, there are many topical products, available commercially on the market, which claim benefits for prevention and/or treatment of SD, which have not been formally evaluated in any clinical study. 40 The use of topical therapies aims to provide lasting improvements in pigmentation and texture of both striae rubrae and albae, with minimal side-effects, in patients of all skin types. 41 However, in order to improve the appearance and reduce the symptoms associated with SD, the following processes should occur; increased collagen production and fibroblastic activity, increase in elasticity and blood perfusion, improvement in cell proliferation, increased skin hydration and anti-inflammatory properties. 35, 37, 42 It is important to assess the evidence available for the use of these topical formulations. Overall, there has been insufficient clinical evaluation of these products and many studies have failed to demonstrate efficacy. Indeed, no single treatment or management plan has been advocated for SD and the literature provides no gold standard therapy; all hampered by a paucity of level 1 evidence. The aim of this paper is to evaluate the available evidence for the use of topical treatments for the management of SD and to propose a structured management approach.
Materials and method
A thorough search of information on topical products for SD on the manufacturers websites was carried out. Additionally, a systematic search of published literature was carried out, using PubMed, Scopus and Embase, on commonly available topical products for management of SD. All relevant articles published in the English language, from 1980 onwards and in humans were utilized. Keywords, used in the search are outlined in Fig. 5 . All retrieved articles were reviewed for their relevance and 11 were considered suitable for inclusion in this review. Each study was assigned a level of evidence (LOE) (outlined in the summary Table 1 ): LOE 1 = randomized control trial; LOE-2 = cohort study; LOE-3 = case-control study; LOE-4 = Case series study; LOE-5 = expert opinion or case report.
Results
There are a number of topical products available for the treatment of SD. These products are now discussed, categorized by their mechanisms of action, including stimulation of collagen production, increasing elasticity, improving cell proliferation, anti-inflammatory properties and rehydration (Tables 1 and 2 ).
Stimulation of collagen production
The majority of topical products claim to improve the appearance of SD by the stimulation of collagen production in order to increase skin elasticity. StriVectin-SD â (StriVectin â , New York, USA) is a skin repair cream, which is indicated for use on SD, wrinkles and ageing skin. 41 The active ingredient is the molecule
It is thought to work by increasing collagen type I and IV synthesis. However, there is no published evidence for its efficacy on SD.
Another topical on the market is Cussons â Mum and Me
Bump Stretch Marks Cream (PZ Cussons Ltd, Manchester, UK) which is recommended by the manufacturers for use in preventing SD. It contains Lupin Seed extract, which is used to increase collagen in the skin. It is claimed that this product is clinically proven. 43 Their topical formulation was tested against 5 ml of skin treatment oil. Twenty-eight women applied the two formulations twice daily for 12 weeks. The results showed that there Figure 4 Illustration demonstrating the common anatomical locations affected by striae distensae.
was a 16% increase in elasticity of the skin using the cream, within 12 weeks. This study was briefly reported on the company website, but there are no published peer-reviewed clinical trials. A number of products contain the active ingredient Centella Asiatica which is suggested to stimulate cell production. 35 
Liforma
â Stretch Mark Day Gel and Night Cream (Liforma â , Reigate, UK) is a moisturizing cream which contains Centella Asiatica and claims to prevent SD. A product comparative study was undertaken with 25 women, who completed a questionnaire. 44 They reported that Liforma â scored the highest in all outcomes. However, these results were based on subjective measures.
Trofolastin has been used in a study for the prevention of SD and also contains the active ingredients; Centella asiatica, tocopherol and collagen-elastin hydrolysates. 35, 42 It is suggested that Centella asiatica stimulates fibroblasts and has an antagonistic effect against glucocorticoids. 35 A randomized controlled trial compared the treatment cream to a placebo in 80 subjects. 35 Their results demonstrated that 56% of subjects in the placebo group compared to 34% in the treatment group developed SD. Additionally, in women who had a history of SD during puberty, the treatment cream gave 100% prevention of SD, compared to 89% in the placebo group. Tretinoin is a topical used for SD and has been studied in four clinical trials. 34, [45] [46] [47] These studies have shown that it has been used successfully in the treatment of striae rubrae and is of limited value in striae albae. 34, 46 A randomized controlled trial was conducted with 22 subjects who had striae rubrae. 45 It was administered at a dose of 0.1% daily for 6 months. The results showed a reduction in the length and width of SD. Adverse effects were reported, including erythema or scaling in the first 2 months. Another randomized controlled study used a dose of 0.025% of tretinoin daily for 7 months, in 11 women with SD. There was no difference compared to placebo and the topical was ineffective in improving SD. However, the small sample size could have affected this. A case series also evaluated the therapeutic effect of tretinoin, in 20 subjects with SD (type not stated). 34 Tretinoin was applied at a dose of 0.1% daily for 3 months. The findings demonstrated a reduction of 20% in the length of SD. However, there was no control in this study and no randomization. A prospective randomized, open-label study compared the effect of topical 0.05% tretinoin cream vs. dermabrasion in the treatment of striae rubrae. They showed that both treatments were efficacious on SD but there were no differences between treatments. Topical treatment for striae distensae Table 2 A list of some of the known active ingredients contained in the topical products used for striae distensae and the evidence associated with these ingredients either directly associated with striae distensae or indirectly associated with another condition. References can be found in Supplementary Material Topical treatment for striae distensae tone. There have been two randomized controlled studies performed to assess the efficacy of Bio-Oil â in improving the appearance of SD. 48, 49 However, these studies were only reported on the company website and the full details and results of the studies are not available. The first, a singleblinded, randomized controlled trial, demonstrated that 50% of subjects had improvement in appearance of their SD at 8 weeks. 48 As this study was only single blinded, this could have led to a positive bias. Additionally, the magnitude of the change recorded was small and there was a small sample size. The second double-blinded, randomized and placebo controlled trial involved 38 subjects of various ethnicities, different causes of SD and different locations of SD. 49 The results demonstrated improvement in the appearance of their SD up to 8 weeks. Kelo-Cote â (Sinclair Pharma plc, London, UK) is a silicone gel, which has been recommended for use on atrophic scars resulting from acne, chickenpox and SD. The website states that in clinical trials, 75% of subjects advocated the use of this topical for improving the appearance of existing SD. However, the full information regarding these trials is not available. In a double-blinded, controlled trial, the effects of this topical formulation were compared to a placebo on SD, using non-invasive objective measures and immunohistochemical analysis of sequential tissue biopsies. 39 Both histological and clinical data demonstrated that melanin increased, whilst collagen, elastin, vascularity and pliability decreased over the 6-week period with both gels. Furthermore, collagen levels were significantly higher with the treatment gel and melanin levels were significantly lower with the treatment gel compared to the placebo. The benefit of this topical formulation remains unknown, as the changes in the skin could have been due to the effect of massage. Current management of striae distensae Figure 6 Management of striae distensae. A flow chart to summarize the management of patients with striae distensae with particular emphasis on the topical formulations, which are used therapeutically and which have published evidence to support their use. 34, 43, 44 ; ***Laser therapy [24] [25] [26] , light therapy 27 , acid peels Another product by the same company, named Kelo-Stretch TM (Sinclair is Pharma plc), contains titrated Centella Asiatica extract (0.5%), sweet almond oil and shea butter. It is claimed that the scientific evidence for this product was demonstrated in a study of women using this topical twice daily. They noted a significant improvement in skin elasticity, a 10% reduction in the width of SD and 60% of subjects noted a reduction in existing SD. 50 This study has not been published.
History
Apothederm TM Stretch Marks Cream (Apothederm TM , Bothwell, WA, USA) claims to strengthen the skin and repair existing SD, by increasing collagen levels and reducing the appearance of striae rubrae and striae albae. The active ingredients include natural emollients: shea butter, cocoa butter, olive oil and meadowfoam seed oil. A dermatologist, used this product on subjects with SD and demonstrated positive results. 51 This study has not been published. Skinception Alphastria has been used prophylactically for the prevention of SD. 36 It contains the active ingredient hyaluronic acid, which is suggested to stimulate fibroblast activity and the production of collagen. 36 One randomized controlled study demonstrated that 10% of women in the treated group compared with 70% in the placebo group developed SD. 36 
Improve cell proliferation
Two topical products suggest their mechanism of action on SD is by improving cell proliferation. Thalgo â Stretch Marks
Cream (Thalgo UK Ltd, London, UK) aims to prevent SD formation and diminish existing SD. The active ingredients are; Marine Elastin and Marine Collagen, Centella Asiatica Plant Extract, Tamanu Oil, Wheat Germ Oil. There is no clinical evidence for the effectiveness of this topical formulation for the treatment and prevention of SD. However, this product contains the active ingredient, Centella Asiatica, which has been evaluated in a study that was discussed previously. Furthermore, one of the active ingredients in Liforma â Stretch
Marks Cream is Vitamin B5 (Panthenol) which is suggested to improve cell production in order to diminish the appearance of SD.
Anti-inflammatory properties
Two topical formulations use active ingredients, which they claim can reduce redness in SD, thereby displaying anti-inflammatory properties. SilDerm TM Stretch Mark Repair Cream (SilDerm TM Ltd, Cheshire, UK) contains active ingredients Registril and Darutoside and is recommended by the manufacturer in treating existing SD. However, there is no description of how this product was formally tested and evaluated. Additionally, there is no published peer-reviewed research on this topical product. Liforma â Stretch Marks Cream also contains Vitamin E and chamomile which act as anti-inflammatories.
Rehydration
Palmers â Cocoa Butter cream is used for prevention and to reduce the appearance of SD by maintaining epidermis elasticity and rehydration of the skin. This topical is made from cocoa butter and vitamin E, elastin and collagen. There have been two randomized controlled trials, which have investigated the effects of cocoa butter vs. a placebo, for the prophylactic treatment of SD. 37, 52 Both studies found that there were no significant differences between the creams.
37,52
Other topical products
Various oils have been used in the prevention of SD, some of which have been evaluated in the literature. Taavoni et al. 38 performed a randomized controlled trial, using olive oil (type not specified). 38 There were no significant differences noted overall between the groups. However, a non-randomized, comparative study investigated the effect of almond oil in the prevention of SD. 53 They noted significant differences in the frequency of SD between the groups (almond oil and massage 20%, almond oil alone 38.8%, control 41.2%). Complex (RegimA â , Gauteng, South Africa) is a topical product, which is used for both skin scars and SD in particular striae rubrae. There is no published research evidence found to support the use of this product for SD.
Discussion
There are a number of topical products used either therapeutically or prophylactically for the management of SD. There are several mechanisms of action reported, (none with level 1 evidence), to be associated with these topical formulations, which include the ability to stimulate collagen production, increase elasticity, improve cell proliferation, anti-inflammatory properties as well as rehydration simultaneously.
There is a paucity of a high level of evidence reported in the literature, to support the use of topical products in the prevention of SD. Furthermore, most of the evidence suggests that there is limited proof of the efficacy of the commonly available topical preventative agents (Figs 6 and 7) . 54 The majority state that the product was clinically proven, however, there were few published clinical trials. Figure 8 A proposed strategic approach to create a specific management/treatment plan for patients with striae distensae.
peer-reviewed literature demonstrated positive results (LOE-2) for some topical treatments, such as Alphastria and Trofolastin, through randomized controlled trials with large sample sizes, although, the type of striae was not stated. Additionally, tretinoin showed varying results across three studies and demonstrated positive results on striae rubrae. One study using Kelo-Cote â silicone gel found some equivocal differences between the placebo and treatment group, however, it was determined that the benefit of this product for SD remains unknown. Two studies using cocoa butter and one study using olive oil demonstrated that there were no significant effects to SD. The majority of topical products did not have any peer-reviewed evidence to support their use on SD. Overall, there is limited evidence for the efficacy of topical therapy for the treatment of SD. Although a number of studies showed that some topical products for SD had beneficial outcomes, it was difficult to determine if the results were due to the act of massage. There is limited evidence that shows how massage affects the skin, although it is recommended that patients with scars, should massage their scars daily to improve the scar quality. 55, 56 It is evident that different types of SD demonstrate variable degrees of improvement when treated by topical formulations. Some topical treatments are advocated for use on either striae rubrae or striae albae. 57 However, not all topicals are beneficial for use on both types of SD. It is important to identify the pathological effects vs. the symptom relief by these topical products. Patients with striae rubrae require a reduction in pigmentation and erythema, whilst reducing the symptom of itch, which is common in early striae. Conversely, those with striae albae require an increase in pigmentation and may not have symptomatic striae. Therapeutic interventions at the initial stages may minimize structural alterations in the epidermis that occur later. It is important to identify which topical formulation targets which signs and symptoms based on the type of SD and the patient's Fitzpatrick skin type. 20 A strategic approach could be useful to fully assess a patient in order to create a patient-specific management/treatment plan (Fig. 8) . 58 A thorough focused, clinical assessment can allow the clinician to tailor the appropriate management strategy to an individual with SD.
In conclusion, there are a limited number of research studies available which investigate the efficacy of different types of topical products used for this common condition. There is no topical formulation, which is most effective in eradicating or improving SD. Furthermore, there is a need for a structure to identify which topical treatments can address the patient's signs and symptoms and type of SD. Further highquality randomized controlled trials are necessary to assess the efficacy of topical products for the prevention and treatment of SD.
